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Background: Electronic care records (ECRs) for cystic ﬁbrosis (CF) provide a basis for accurate, reliable capture of clinical measures and interventions,
and epidemiological trends, providing the basis for improved efﬁciency and patient safety.
Methods: A primary care system was modiﬁed for hospital use and clinical codes devised for all aspects of CF care. Performance and usability were
assessed.
Results: Of a total of 620 patients 619 consented to their data being recorded in the system. Five hundred and twenty three new codes were created
and embedded behind 60 new templates. Following introduction of ECR, completion of annual assessments increased from 43% to 92%, retrieval
of drug costs rose signiﬁcantly and time to correspondence with primary care fell from 34 days to b2 days. Staff satisfaction was high.
Conclusion: The system is fully operational allowing the unit to function as a paperless service. Efﬁciencies of stafﬁng activity, process management
and cost retrievals are evident. Sharing of coding structures is important in future care.
© 2014 European Cystic Fibrosis Society. Published by Elsevier B.V. All rights reserved.Keywords: Cystic ﬁbrosis; Electronic care records; Codes1. Introduction
The potential of e-health was emphasised by theWorld Health
Assembly in 2005 and encouraged member states to develop and
implement e-health technologies [1]. Subsequently major invest-
ments have been made. At least £12.8 billion has been expended
in England on a Programme for the National Health Service
(NHS). In the US $38 billion has been committed to e-health [2].
In the UK outcomes from IT initiatives have been varied.
Projects within secondary care have generally failed to show the
success achieved in primary care [3]. In part this is due to limi-
tations imposed by infrastructure and under-investment within⁎ Corresponding author.
http://dx.doi.org/10.1016/j.jcf.2014.03.002
1569-1993/© 2014 European Cystic Fibrosis Society. Published by Elsevier B.V. Ahospital systems, and also reflects the complexity of integrating
pathology, radiology, medical imaging and correspondence
through a variety of portals. A lack of prior system analysis and
limited engagement of healthcare professionals and clinicians in
system design have contributed to the lack of progress [4].
The creation of electronic care records (ECRs) for the manage-
ment of cystic fibrosis (CF) has significant potential to positively
impact on patient care. Potential advantages include capture of
complete information for treatment decisions, new and more
efficient options for patient interaction, assessing clinical trends,
audit, outcome data, pharmacology costs, data sharing and a more
effective use of resources. Unfortunately, systems that can com-
municate such detailed live data are lacking.
This paper describes the development and implementation of a
new ECR system based on a new comprehensive coding structurell rights reserved.
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of patients with CF.
2. Methods
2.1. Development
2.1.1. Timeline and system requirements
Available in-house, legacy and industrial software were re-
viewed in 2006. Key criteria included functionality, facility for
generic data capture, established pedigree and editable function-
ality that would allow the clinical team to develop and deploy
summary views, templates and new codes. The systems needed to
be secure, reliable and to evolve over time so as to reflect future
changes in technology. The primary care system (PCS) from
Egton Medical Information Systems Ltd. (EMIS) was selected as
a suitable system that could be modified to meet the chosen
criteria. The system was installed across three hospital sites.
Specifications for administration, consultation type, templates,
health summary, medication and word templates were developed
through consultation with nursing, physiotherapy, dietetics, psy-
chology, secretaries, social work, pharmacy and medical staff
who specified the templates and codes required across inpatient
and outpatient settings.
2.1.2. Codes
The creation of an in-house dictionary of codes was the
foundation for future development, capturing every aspect of
care as coded data rather than free text. This included past and
present diagnoses, histories, examinations, microbiology, genet-
ics, physiology, interventions, medications, allergies and pathol-
ogy. These codes were hidden behind templates, allowing live
data to be captured in a standard form for all users.
The initial ECR software relied on a Read Code hierarchy.
Relevant CF codes were absent. To overcome this, the number
of missing codes were defined and documented by the lead
clinician (DP) and new codes continually created in response to
the unit's requirements.
2.1.3. Templates
Templates were developed as the main user interface. Each
template was tested by the team andmodified following feedback.
Emphasis was placed on limiting the number of mouse clicks to a
minimum. Data capture was not limited to CF to ensure a whole
system approach to health care. The ECR was linked to the
hospital pathology server to enable electronic filing.
2.1.4. Structural adaptations and technical support at ward and
clinic levels
To ensure full integration of ECR, modification to accom-
modation was required to facilitate access to computers in each
consultation environment. In 2011, the introduction by the
hospital trust wireless network with computers on wheels
allowed ward round interactions to be recorded at the bedside.
Overhead projectors were installed in the two MDT meeting
rooms where ward rounds and clinical meetings took place
using ECR and picture archiving and communication systems(PACS). Dedicated network printers were installed for printing
correspondence. Secure home access through dedicated Trust
computers was available to the on call team.2.2. Performance of the EPR system
2.2.1. Live system analysis
The staff were trained to use ECR through a series of indi-
vidualised training sessions. Weekly meetings were convened
between the MDT leads as a forum for continuous feedback to
enable adaptation and development of new codes.2.2.2. Staff questionnaire
A modified version of the task-orientated questionnaire for
evaluating ECR systems was developed [5]. Information was
sought from all members of staff on ease of use of the system,
perception of work performance and care quality, work
satisfaction, subjective perception of success of the ECR, its
perceived impact on early detection of clinical deterioration and
team communication. Views were sought in 2008 and 2011.2.2.3. Clinical process evaluation
Evaluation of the completion of specific protocol investi-
gations tested the system's sensitivity in meeting standards of
monitoring of care through regular audit. This included annual
completion of fasting vitamins, oral glucose tolerance tests for
detection of diabetes and the time taken to complete discharge
summaries before and after implementation.2.2.4. Financial cost retrieval
Medication costs retrieved from primary care were evaluated
on the adult unit pre- and post-implementation of ECR.3. Results
Consent was obtained from 619 patients (390 adults and 229
children) for their data being recorded on the system. Only one
patient declined, due to mistrust of all electronic records within
the NHS. A single set of paper records remains. Patient electronic
records were accessible across three hospital sites. Computers
were installed in clinical areas and linked to a main server through
the hospital intranet and NHS N3 infrastructure. The total cost
of initial deployment including hardware was approximately
£29,000 (Table 1). The overall costs of implementation were
reduced as development and deployment were undertaken in-
house by the project lead.
The ECR became fully operational by the start of 2008 within
12 months of installation. Implementationwas carried out in three
phases, starting with outpatients, followed by ward rounds and
discharges and finally inpatient care. The latter was revolutionised
by the timely deployment of a trust wide wireless network. Paper
notes were used in parallel with ECR during the initial phases,
allowing the team to become accustomed to a new way of
working. The benefits increased over time as the summary records
became more complete.
Table 1
Initial implementation costs.
Implementation costs
Expenditure Savings
Hardware/software
Network points, server and software −£7,390.53
Computers × 40 −£17,838.60
Printers −£887.72
Projectors × 2 −£4,073
Predicted annual cost saving through
improved cross charging of high
cost drugs, 2007/8 vs. 2008/9
+£35,507.81
Annual cost post-setup
Annual software −£10,000
Secretarial saving band 4 (0.5 FTE), annual +£10,000
Mean predicted annual cost saving through
improved cross charging of high cost drugs,
2009/10 and 2010/11
+£19,944
Movement of notes between hospital
ward/outpatient, 150 h/year
+£1,500
Table 2
Results of staff questionnaire.
Question
How often is the system user friendly Always/almost always
Most of the time
About 50%
Seldom
Never/almost never
Performance of our department's work
has become
Significantly easier
Easier
Slightly easier
No change
Slightly more difficult
More difficult
Significantly more diff
No response
Quality of work has become Significantly decreased
Decreased
Slightly decreased
No change
Slightly increased
Increased
Significantly increased
No response
Satisfaction with ECR Non-existent
Poor
Fair
Good
Excellent
Success of ECR rated Non-existent
Poor
Fair
Good
Excellent
No response
ECR helped identify clinical deterioration
sooner
Improved communication between MDT
Following experience with ECR should we
return to paper notes
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At the start of the project there were no pre-existing templates
and few predefined codes relating to CF. To overcome this, 523
new codes were created and embedded behind 60 templates
(Supplementary Table 1). Local codes were migrated to EMIS
national codes stored on the EMIS systematised nomenclature of
medicine clinical terms (SNOMED CT) namespace.
Automated entry of pathology results directly into electronic
record entries was implemented and live coded data were cap-
tured for use in clinical monitoring and as part of longitudinal
research. All microbiology data was sent electronically to the
ECR. Unfortunately while the sample type is coded the individual
pathogens are not. A special tick box template was devised to
ensure that each isolate was coded at the time of electronic filing.
This process is undertaken daily by a senior member of staff who
can respond swiftly to new growths of organisms such as
Pseudomonas aeruginosa.2008, n = 27 2011, n = 26
16 (59%) 16 (62%)
10 (37%) 9 (35%)
1 (4%) 1 (4%)
0 0
0 0
0 16 (61%)
22 (81%) 5 (19%)
0 2 (8%)
2 (7%) 1 (4%)
2 (7%) 1 (4%)
1 (4%) 0
icult 0 0
0 1 (4%)
0 0
0 0
1 (4%) 0
8 (30%) 3 (12)
3 (11%) 1 (4%)
6 (22%) 6 (23%)
8 (30%) 14 (54%)
1 (4%) 2 (8%)
0 0
0 0
1 (4%) 0
13 (48%) 8 (31%)
13 (48%) 18 (69)
0 0
0 0
2 (7%) 1 (4%)
13 (48%) 5 (19%)
12 (44%) 17 (65%)
0 1 (4%)
24 (89%) 24 (92%)
27 (100%) 26 (100%)
27 (100%), no 26 (100%), no
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bers of the team. Added features included electronic prescrib-
ing, automated drug interaction notification and patient tasks/
alerts and direct access to past consultations, electronic results,
medications, drug allergies and letters including scanned docu-
ments from other departments. Data for repeat medication and
acute prescribing were recorded and used to track outside pre-
scribing costs and on-going medication. Summary pages were
formed displaying the last value of each clinical parameter with
alerts for users when assessments such as blood and radiological
tests were overdue. Clinics, ward rounds, admissions, discharges
and home treatments were based on ECR.
Lung function can now be automatically uploaded using
Vitalograph, Vitalink or alternative software.
3.2. Multidisciplinary team evaluation
Satisfaction with the ECR system was good and seemed to
improve over time (Table 2). Functionality of the system was
reflected in early feedback indicating that 96% of respondents
deemed the system ‘user-friendly’ most to almost all of the
time. This remained constant during the initial 3 year period
of implementation. The department's work performance was
perceived as easier as time evolved, with 61% of respondents
reporting this as ‘significantly easier’ in 2011 compared to
none within this category in 2008. An impact on the quality of
work was observed, which improved over time. In 2008, 52%
of the ward staff believed that the quality of work had increased,
rising to 77% in 2011. A constant proportion of respondents (89%
and 92%) reported that they believed that clinical deterioration
was identified at an earlier stage than pre-ECR over the same time
period. The ward staff unanimously reported its benefits for
improved communication and 100% stated in 2008 and 2011 that
they did not wish to return to a paper based system.
3.3. Financial cost savings
Evaluation of cross-charging of prescription costs to the correct
primary care budgets indicated a significant cost retrieval for high
cost pharmacology items. Between 2007–2008 and 2008–2009
the percentage of prescribing costs recovered from primary care63%
37%
% spend before introduction of
ECR 
% cross charged % not cross charged
Fig. 1. Summary of percentage of cross charging to Primary Care. Includes high co
£227,582 was cross charged to primary care (63% of the total spend) compared witbudgets for high cost drugs such as dornase alfa, Tobi® and
voriconazole rose from 63% to 87% (£227,582 to £284,826) of
total spend (Fig. 1). Administration and portering costs for transfer
of medical record between hospitals became obsolete, realising
150 h/year savings each year. Further saving occurred through a
reduction of 0.5 FTE secretary despite a significant increase in-
patient numbers.
3.4. Clinical process, patient safety and standards of care
All patients could view their longitudinal summary data
including anthropometric, nutritional, respiratory, microbi-
ology, biochemical and hormonal measures, each available in
list and graphical form. Standard norms were applied to graphical
information to enable patients to observe the context of individual
values and trends. Individual patient access is under development
but has not yet been implemented. The system also has the
potential for monitoring subtle changes in health outcomes
through automated audit. Several research projects are ongoing.
Individual editable patient alerts presented on screen when
accessing the records enabled an audit trail and improved
communication between members of the MDT. In 2013, 1558
alerts were active across both units, covering all aspects of care.
There were 1230 recorded drug allergies/adverse reactions linked
to triggered alerts. In total 20,420 and 31,574 individual entries
were recorded by the MDT in 2008 and 2011 respectively. These
included inpatient and outpatient consultations, comments, home
visits, each attributable to an individual member of staff for
activity data and tracking purposes.
The low adherence to standards of care prior to ECR reflected a
high prevalence of missed or cancelled appointments. Following
the introduction of ECR and automated assessment triggers, the
proportion of completed annual blood tests, increased substantially
from 43% in 2007 to 92% in 2012. Similar improvements were
seen in diabetic screening (Table 3).
The mean delay in sending discharge summaries to primary
care was dramatically reduced from 34 days pre-ECR to less than
2 days by 2010; a result of letters being generated through tem-
plates, obviating the need for dictation and typing by secretaries
(Table 4). These results are in the context of a static work force and
increased patient numbers.87%
13%
% spend after introduction of 
ECR
% cross charged % not cross charged
st drugs such as dornase alfa, Tobi® and voriconazole. In 2007/8 prior to ECR,
h £273,137 (87% of the total spend) in 2008/9.
Table 3
Number of annual assessment blood (AAB) and oral glucose tolerance tests (OGTTs) undertaken in the adult CF unit pre- (2007) and post-ECR. Exclusion criteria for
OGTT include pancreatic sufficiency, and a pre-diagnosis of CFRD.
Year 2003 2005 2007 2008 2009 2010 2011 2012
Annual blood (% done) 115 (38%) 141 (43%) 151 (43%) 247 (72%) 265 (76%) 298 (81%) 310 (82%) 354 (92%)
Number of OGTT carried out 110 (61%) 126 (66%) 123 (61%) 143 (72%) 152 (77%) 170 (81%) 175 (77%) 213 (95%)
Total population 299 323 335 343 348 369 383 386
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During the implantation of ECR, several limitations were
highlighted. The first problem has been the reliance of other
clinical teams on paper records and the lack of data sharing
between the secondary care e-record systems. This limits the
true paperless nature of ECR for visiting health care profes-
sionals who are either unfamiliar with the systems or who
have no access rights. A temporary solution has been to provide a
supervised view only access or to generate an automated summary
paper record. Written consultations are presently scanned into the
patient's record. Work on data sharing with the hospital portal is
being implemented and will provide a robust solution for ensuring
data sharing acrossmultiple platforms.While there are no technical
reasons why the present ECR cannot be integrated with the
national registry, this work has not yet been carried out.
4. Discussion
To our knowledge, this is the first report of an ECR that
incorporates comprehensive clinical coding for the management
of CF. The system has been developed and implemented within a
paediatric and regional adult cystic fibrosis unit. Registration of
codes using SNOMED CT ensures wider applicability and the
potential for the programme to align with other portal information
required for database management.
Fundamental to our approach has been the linkage between
different coding systems and the ability to integrate our system
easily into an existing information super-highway that has been
created to link records throughout the United Kingdom. Our
migration to the SNOMED coding system has been a key imple-
mentation because of its utility in clearly defining existing items
of information. The key advantage of the approach we have
adopted is that it can easily be integrated into information strat-
egies, for example that more precisely define the phenotype for
elucidating the relationship with genetics and the biochemistry of
diseases that relate to their genetic causes [6].
The strength of the system also lies in its practical devel-
opment within a clinical setting by clinicians and staff working
within cystic fibrosis. To date comprehensive and fully operational
ECR systems within secondary care have been relatively few inTable 4
Median (range) number of days for discharge summaries to be completed.
December 2005
Juniors to complete form Consultant to dictate letter
2.5 days (b1–6) 7.6 days (1–54)
Median time to completion = 34 daysnumber and assessment has tended to focus on specific aspects of
implementation such as computerised reminders and feedback in
medication management [7], the effect of computerised clinical
decision support systems on practitioner performance [8] and clin-
ical practice improvements [9]. Our system has addressed these
aspects but extended this to build functionality through engage-
ment with clinical staff. It has been suggested that one of the most
important factors in ensuring system usability is the extent to which
close collaboration between the designers of applications and
end-users has been fostered [10] and there have been few
assessments of system usability in chronic disease management
[11].
Importantly, our project incorporated direct user involve-
ment from the outset with modifications being undertaken in-
house by clinicians, resulting in a customised clinical system
that captured the experience of the multi-disciplinary team. A
high level of satisfaction with the system was demonstrated
from an early stage and improved over time, suggesting that the
evolution and embedding of the system is an on-going process
that is integral to its continuing success. The entry of data into
the ECR in real time during consultation by each healthcare
professional is a key element of the system. Early evidence of
clinical deterioration is therefore revealed with graphical
measures of lung function, weight, body mass index (BMI),
and infection marker status, allowing prompt decisions to be
made. The graphical displays of clinical information are a
visual aid that stimulates the engagement of staff, enhances
communication and promotes shared decision making with
patients.
Early reports were pessimistic regarding the quality of data
retrieved from ECR [12,13]. Due to the differences in measure-
ment, recording, information systems, and clinical focus, the
quality of ECR data continues to be viewed as highly variable
[14]. In contrast our data input relies on standardised clinic
measures from the same specialist team, with graphical data
and trends easily viewed, and any marked levels of variability
questioned. The availability of timely and reliable data coupled
with in-built alerts was felt by the staff to have a positive impact
on patient safety, an essential component of the delivery of
good medical care. The staff reported a positive impact of ECR
on the quality of care resulting from the early identification ofJuly 2010
Secretary to type ECR generated summary
24.3 days (1–63) 1 day (0–2)
Median time to completion = 1 day
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pathology results linked to patient records, the accessibility of
records and the presence of alerts which allowed more accurate
communication.
Our experience accords with other recent work reporting that
electronic health records have the potential to enhance quality and
efficiency of care [15,16] through more streamlined processes and
patient flow, fewer duplicative tests, faster responses to patient
inquiries, redeployment of staff and more complete capture of
detailed coded data [17,18].
This is similarly true of opportunities for the conduct of
research. The longitudinal data retrieved from the system
enable the systematic analysis of clinical trends and provides
a unique resource with the potential to elucidate the natural
history and risk factors for progression. This concurs with
studies using data from primary care database management
which illustrate its usefulness in reporting epidemiological
disease trends for diseases other than cystic fibrosis [19,20].
The lack of financial and IT support from the local hospital
and an absence of a project manager have made the task of
deployment more difficult. Success has only been possible
through a clinical drive to improve services, ownership and
ensuring continued development based on the MDT's needs. A
new upgraded version of the software is now available “out of
the box” for the management of CF and is being installed in two
large UK CF centres.
In conclusion, we believe that the implementation of an ECR
for the management of cystic fibrosis improves efficiency and
supports accurate clinical decision making. It promotes patient
involvement and opens up new roles for the healthcare staff. The
system we have implemented has potential across many disease
conditions and this early evaluation suggests that it could deliver
benefits in the longitudinal management of chronic disease.
Disclosures. Since completing this project, D Peckham has
undertaken development work for Egton Medical Information
Systems Ltd. Supplementary data to this article can be found
online at http://dx.doi.org/10.1016/j.jcf.2014.03.002.
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